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Bridging the gaps in Bioinformatics

Genetic characterization of Staphylococcus
aureus

<May 2 2023>



Objectives

L

Specific objectives of this session:

 Learn about S. gureus as a human commensal and pathogen
» Learn about MRSA virulence and pathogenesis

« Learn about MRSA typing and evolution

« Learn how to apply typing of MRSA for public health purposes

Related to the course objectives
Learn about bioinformatics tools applied in public health



Outline FES

This session consists of the following elements

S. aureus as a human commensal and pathogen
Resistance to antimicrobials- beta-lactams
Typing of MRSA for public health purposes
SCCmec

Pathogenesis and virulence

Evolution of MRSA

1. Group exercise integrating bioinformatic tools to annotate S. gureus genomes
and interpretation of results in a public health context



Outline

L

 S. aureus as a human commensal and pathogen
 Resistance to antimicrobials- beta-lactams

« Typing of MRSA for public health purposes

« SCCmec

 Pathogenesis and virulence

 Evolution of MRSA

ILOs: after the talk you will have a overview of MRSA typing, genetics
and evolution



Global prevalence of MRSA
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Resistance of
Staphylococcus aureus
to oxacillin (MRSA) (%)
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_ L_ . Lee AS et.al. Nature reviews Disease Primers 2018 May 31;4:18033 .




Colonization
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« 20% permanent (colonization)
+ 30 % intermittent (contamination)
- 50 % never

* Human Genetics,
 Microbial genetics
» microbial community state types?

 Colonizing strain cause infection




S. aureus infections &

Skin and soft tissue infections
« Impetigo, furunculosis, abscesses
« Wound infections, SSSS

Pneumonia

Infective
endocarditis

Sepsis

— Osteomyelitis

Menstrual toxic
shock syndrome

Servere infections
« BSI (30 day all course fatality: ca. 25%)
* Pneumonia, endocarditis, osteomyelitis
Toxic diseases

— Toxic shock syndrome

— Food poisoning

Soft tissue
infections



https://www.nature.com/nrmicro

Virulence factors @
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Virulence factors

B,
Mobile Genetic elements (MGEs) and horizontal gene transfer (HGT)
» conjugation of conjugative plasmids

» transduction by bacteriophage

Restriction- modification (RM) barriers prevent HGT

RM systems are “lineage specific”

Consequently many virulence factors are lineage specific



Virulence Finder, cge.cbs.dtu.dk/services/VirulenceFinder/ @
eco
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Services Instructions Article abstract

VirulenceFinder 1.5

View the version history of this server.

The database is curated by:
Flemming Scheutz, SSI
click to contact]
s ) \_ ( )
elect species
Listeria
S. aureus
Escherichia coli

Enterococcus

Select threshold for %ID
[90% &)
Select minimum length

[ 60% 3

Select type of your reads
[ Assembled Genome/Contigs* 3

P} Isolate File

Name Size Progress Status

e [




Typing of Staphylococcus aureus




From Phages to WGS &
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Spa typning
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I—F o
Iiﬂ.-EhD-h.-E--iG. A | o= |

Staphylococcous protein A- Surface protein TO0GAATTCOGCACOAGC CAAD CTOATOTON O 6T 0T TTACH DTOTTCT)
—Variabel X region |
1 to 25 repeats

No, sequence and succesion determines the

spa type W LU L UYL AL AL
0 140 5 160 170

13 150
COTBCCCTTCACTACTGOCAGAATTTOGGATATTCCTTGCGAGGAACCC!




www.spaserver.ridom.de

SpaServer.ridom.de

Overview Ridom SpaServer
Back: d
a groun. SpaServer Database 060
Server Policy of - ]
. : _ ridom
o — ‘ Spa-types: H 3 092‘ conceptualized and implemented by Ridom GmbH ~ ...........
Frequencies ‘Repeats: H 836‘
Spa-types ‘Total strains: H45 8782‘ sequence data curated by SeqNet.org
Repeats ‘Strain records: H 1 90478‘ '
‘Strain countries: H 162‘ " i .
Contact ‘Registered users: H 897‘
Privacy Policy User countries: || 71|

Imprint



http://www.spaserver.ridom.de/spa-t044.shtml

SpaTyper- CGE tool

Center for Genomic Epidemiology

Home Services Instructions

spaTyper 1.0

Software version: ()
Database version: (2023-05-01)

Sequencing Platform Select the sequencing platform used to generate the uploaded reads. (Note
preassembled reads)

Due to CPU requriements for assembly this tool will only allow preassembled reads as input

| Assembled Genome/Contigs* v |

2 Choose File(s)

Name Size Progr

o




Genetic lineages &

Chromosomal Genes and Allelic Designation M| o
Seq Uence type arcC | aroE | glpF | gmk | pta | toiA | yqiL | ST | CC
eMLST(ST), n>2200 |+ 1 1 [ 10 0
Clonal Complexes s T3 T a3 sl s
3 13 |1 1 4 | 16 |250| 8
3 13| 1|12 4 | 16 |247| 8
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Double locus » ST11 ST2
variant (DLY)
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variant (SLV)

ST4

0o

Founding genotype
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MLST Finder
Center for Genomic Epidemiology

MLST 2.0

Service Instructions Output Article abstract Citations

Software version: 2.0.9 (2022-05-11)
Database version: (2023-05-01)
MLST allele sequence and profile data is obtained from PubMLST.org.

Momentanously, the species Lactococcus Lactis is unavailable.

Select MLST configuration

Staphylococcus aureus v




Methicillin Resistant Staphylococcus aureus- MRSA




Staphylococcus aureus and B-lactams E@&

B-lactams including penicillins and cephalosporins used since the early
1940s and late 1950s, respectively.

Penicillins binds to penicillin binding proteins (PBPs) causing
discontinuation of cell wall synthesis and killing of the bacteria

Penicillin resistance
blaZ - usually plasmid-borne
Penicillinase YH ' YH '

Enzymatic cleavage of the B-lactam ring ﬁfcm ﬂgﬁ:i

Susann Skagseth



https://www.researchgate.net/profile/Susann-Skagseth

B-lactam resistance in S. aureus &

Methicillin resistance- MRSA
mecA or mecC

Present on SCCmec
PBP2a or PBP2cC

Low affinity for penicillins and
cephalosporins

«. Lee AS et.al. Nature reviews Disease Primers 2018 May 31;4:18033 Modified from: J Am Chem Soc. 2017 Jul 26; 139(29): 9791-9794




MRSA nomenclauture
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1961 The first MRSA repport

BrrTiss
MEDICAL JOURNAL

DRUGS

Correspondence

Because of heavy pressure on our space, correspondents are
asked to keep their letters short.

¢ Celbenin -resistant Staphylococci
SIR,—The Staphylococcus Reference Laboratory

receives for phage-typing large numbers of strains of
staphylococci, and it seemed that this material might
usefully be examined to see whether any strains resistant
to the new penicillinase-resistant penicillin (BRL 1241,
*“celbenin ) were in circulation at about the time of
introduction of the new antibiotic.

vdlllilig.—/ 1 alll, CTlL.,

Staphylococcus Reference Laboratory,
olindale, London N.W.9,

| JaN. 14, 1961

B

Sensitivity to Celbenin in Tube Tests with Doubling Dilutions

Date Minimal Inhibitory
Strain of Source Site Concentration of
Isolation Celbenin (ug. per ml.)

13136 2/10/60 | Patient A | Nephrectomy wound| Colony a l%g

L 3 c -
13137 2/10/60 | Nurse B | Finger infection .. ,, @ gg

LB c -
10395 | 21/7/60 | Patient C | Nose ,, @ 625

b ) b
10396 5/7/60 .» C | Eczematous skin .. - g. 3-125
14083 28!10!60 ” C | Nose ’ g 1.60
14668 8/11/60 w Cl s @ .

" b 25-0

M. PATRICIA JEVONS.

EURGPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL



MRSA evolution
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INCREASING BURDEN OF RESISTANCE

Penicillin
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SCCmec and epidemiology @&S
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e
Mobile genetic element, containing mecA4/C, 15 major types I-XV
pUBILIO Tossd +, . ™
: =
! 1541 mmccﬂi “ cord 2
L rrrecl _|
SCCmec | ccrtype mec Size Additional resistance determinats
SOcmat. g2 W sT398NMO1
FE. = smes type class | (kb)
'xﬂ# ,'..,'“‘" . W rF122
Ko I ccrAB1 A 36 None
| ccrAB2 B 39 Erythromycin, aminoglycosides
s [l ccrAB3 B 67 Macrolide, tetracycline, cadmium,
mercury
v ccrAB2 A 21-24 None
(IVc: gentamicin)
e \% cerC C 27 None
Vc ccrC2&5 C 47 Tetracycline, heavy metals




Structure of SCCmec and J regions

VoL. 53, 2009 co ARY 4963
10 kb
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The SCCmec element @&5
Tope 108) ﬁm@'&“w:’ g%c
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s Baig et a/, 2018, IGE




Composition and abundance of SCCrmec across Staphylococci

Variability is near exclusive to the ccr/ mec compositions

ccrA allotype ccrB allotype ccrC allotype mec class SCCmec




SCCmecFinder @&5
C

e

 An in silico web-based tool — 33 } © B e
= Freely available & L5 &
- https://cge.cbs.dtu.dk/services/SCCmecFinder/ Single target genes [1:]1 :—:—-H.—D;;R
+ Utilizes two different approaches BLAST-based e’ aupunasl Sy —
- BLAST-based ot e coughen
- k-mer-based >
» Two databases & ‘J»& ,@3\4&3 ,97&\

- Single target genes IR a-l-_“_i IR|
Whole glement | or o>

- Whole SCCmec element (reference) — — S

- Whole SCCmec element (extended) :':;lgle:: gg’m‘ﬁ::
st e
A Sy $
& & & &
scemecfinder | | SN
BLAST and k-mer-based DR \ ; DR"»
mec gene ccr gene
complex complex ~
Possible SCC-like
Negative ]
- RESOURCE REPORT NT(BLAST)
mm.u ‘ "m-e" Clinical Science and Epidemiciogy )
sz- SOCIETY FOR | I
WECROBICLOGY M '} r h
G o SCCmecFinder Alert NT(kmer)

. . Contradiction
SCCmecFinder, a Web-Based Tool for Typing of Staphylococcal e J
Cassette Chromosome mec in Staphylococcus aureus Using SoCmeepe ST
Whole-Genome Sequence Data e =

Hiilya Kaya**" Henrik Hasman,* " Jesper Larsen,* Marc Stegger,® Thor Bach Johannesen,* Rosa Lundbye Allesee,”
Camilla Koldbaek Lemwigh,= Frank Maller Aarestrup,® Ole Lund,® Anders Rhod Larsen® —
Additional gene
complex




Evolution
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The first MRSA

940s-50s:

MRSA 1961: Jevons,
irculating| | 6 "First MRSA”
“Silently”

\

 ——

1944: T
Penicillin 1960:
Introduced Methicillin

Hankins CP, et al. Genome Biol 2017;18:130; Chambers & DelLeo Nat Rev Microbiol 2009;7:629-41.

Modified from original slide, in courtesy of Michael Z. David, University of Pennsylvania



HA- MRSA: first wave

1940s-50s:
MRSA

Circulating

“Silently”

—

50 -
45 4
40 4

1961: Jevons,
6 “First MRSA”

1968: First US
MRSA
Outbreak.
1964: First
Danish

0

35 -
& 301
5257
s 204
15 -
10
54

[ N .

FELLLELSLEEES LS EES LSS

— — —_ - N N
: g ; : - : -
1944: Penicillin ]
1960: Methicillin 1980s-90s:
Introduced Major waves
of HA-MRSA

Modified from original slide, in courtesy of Michael Z. David, University of Pennsylvania




HA-, CA, and LA- MRSA waves

2000- -
CA-MRSA era,
1968: First US many countries;
19405-50s: e ibreald many PVL+
MRSA 1961: Jevons, | | —orecd L9D9- Ctﬁ-Mli}SA
Circulating 6 “First MRSA” c. 1990: eathso
“Silently” USA300 2 Infants, USA
1994: CA-MRSA
1982: CA-MRSA, first in Geneva
Detroit
mid-80g: Canada
— P

1944: Penicillin

1960: Methicillin 19805-905: 2001: CA-MRSA
Introduced Major waves in Latin America
of HA-MRSA

1989: CA-MRSA

Western Australia 2006: LA-MRSA

in the Netherlands
Modified from original slide, in courtesy of Michael Z. David, University of Pennsylvania




Timeline of major events in MRSA history

1960s Denmark ST45-1V
ST250/t008 Berlin |rere
ST247/t051 c. 1977: USA100 I 2000-: CA-MRSA many PVL+, non-MDR I
ST254/t008 EMRSA-16 NY/Japan/
l | CMRSA2 |

Switzerland

Y. Y.Y.)
WVUO

2006- LA-MRSA- CC398

0961
>
0461
\ 0861
066T
000¢

‘ 19805-1990s: Major worldwide

Early 1960s: “wave” of HA-MRSA
UK
ST250/t008/P ST247/Iberian
“Archaic” ST239-I1Ia/Brazilian
/EMRSA-1
AUS-2, -3
ST22-1V /EMRSA-15/
ST36-11

Modified from original slide, in courtesy of Michael Z. David, University of Pennsylvania] EMRSA-16/USA200

Chambers & DelLeo Nat Rev Microbiol 2009;7:629-41; Grundmann H, et al. Euro Surveill 2014;19(49):pii=20987; Aires de Sousa M, et al. FEMS Immmunol Med
Microbiol 2004;40:101-11; McAdam PR, et al. PNAS 2012;109:9107-12; Monecke S, et al, PLOS ONE 2011;6(4): e17936.



Most frequent MRSA clones

Hospital Community

CCmec V' mero SCCmec i
UsA800 | " STs MSSA =" > USA100 SCCmec IV
(Paediatric)

(New York/ (sm -

Japan)

A
SCCmec IV
USA600 |- ST45 MSSA

PVL [] ccs
ACME
SCCmec | SCCmec IV sek2 [Jccs

e )< somss) - omson ) v comn | e
-
SCCmec I SCCmec IV [] CC30

PVL
USA200 |« ST36 MSSA )< ST30 MSSA } - USA1100 [J CC4s
(EMRSA-16) {Southwest Pacific)

[] Mot assigned

*. Lee AS et.al. Nature reviews Disease Primers 2018 May 31;4:18033




Take home @
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Typing of MRSA consists of MLST (or spa) and SCCmec typing

Certain genetic characteristics determine the pathogenic potential and
epidemiology of S. aureus

CGE online tools can be used to identify ST, SCCmec, virulence
determinants and antimicrobial resistance genes in S. aureus
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